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ABSTRACT 
Little information is available regarding the genetic structure and diversity of sportfishes 
in large rivers, which can be vital to continuing the sustainable exploitation of these 
fisheries. Additionally, impoundments often have vast impacts on riverine systems. These 
impacts include altering the flow regime, changing the nutrient load, and preventing 
migratory fish from reaching their spawning grounds. If fishes are prevented from 
reaching their spawning grounds, their genetic diversity and structuring could begin to 
change relative to historic measures, potentially decreasing their fitness and ability to 
survive. I screened microsatellite loci to assess the genetic population structure and 
diversity of channel catfish from four sites on the unimpounded Wabash River and two 
sites on the Ohio River, where there are lock and dams between the sites. Allelic richness 
ranged from 5 .42 to 6 .5 1 ,  heterozygosity levels ranged from 0.650 to 0 .7 1 2, and 
inbreeding coefficients showed signs of inbreeding and outbreeding (-0. 1 1 5 to 0.063) .  
Overall, 1 8  of 21 (85 .  7%) pairwise site comparisons of F sT and Dest were significant. 
There was a significant positive relationship between genetic (FsT and Dest) and 
geographic distance (FsT: r=0. 1 82, P=0.0344; Dest :  r=0. 1 82, P=0.0357) .  STRUCTURE 
analysis and PCA plots show strong defined structure for channel catfish, revealing three 
genetic clusters. I also assessed the genetic diversity and structure of channel catfish on 
the Illinois River, which is a highly impounded system. Allelic richness ranged from 2 .76 
to 3 . 75 ,  heterozygosity levels ranged from 0.524 to 0.600, and inbreeding coefficients 
ranged from -0.07 1 to 0.08 1 .  I found a majority ( 1 4  of 2 1 ;  66.6%) of pairwise site FsT 
tests were significant, yet I failed to detect strong patterns with STRUCTURE and PCA 
analysis .  Additionally, FsT values did not significantly correlate with river kilometer or 
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number of dams between the two sites. Overall, I found no differences among sites with 
regards to genetic diversity and support for strong isolation by distance patterns of 
population structure in the Wabash and Ohio Rivers. As for the Illinois River, it seems 
that the impoundments may not affect genetic diversity, but are affecting genetic 
structuring. Results from this study indicate genetic drift is having a larger influence on 
channel catfish in the Illinois River than gene flow. This is the first study on channel 
catfish in the Midwestern US and provides important baseline data for their genetic 
diversity and structuring in the wild, and due to their commercial and recreational 
importance their status should continue to be monitored. 
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INTRODUCTION 
Fish are the most important source of protein for the human population, and 
commercial and recreational fisheries play a vital role in production (FAO 20 1 4) .  As 
size-selective harvesting can have adverse effects on genetic traits that determine growth 
and reproductive output, it is vital to identify and mitigate the unfavorable genetic effects 
of harvesting selection on fish populations (van Wijk et al . 20 1 3) .  A primary goal of 
fisheries managers is to maintain the sustainability of harvested populations over time 
(Ward 2000) . Catfish (Jctalurus spp.) are the most important commercial and sport fish 
species in the Mississippi River and in the Midwest and Southern United States (Pitlo 
1 997, Pellett et al . 1 998,  Hubert 1 999, Michaletz and Dillard 1 999). They are actively 
managed in 3 5  states, and fished commercially in 28 states, with channel (Ictalurus 
punctatus), flathead (J olivaris), and blue catfish (J furcatus) making up the maj ority of 
the commercial catfish harvest. In the Midwestern US, channel catfish from the Wabash, 
Ohio, and Illinois Rivers are three of the major fisheries .  This study focused on channel 
catfish in these rivers because they are the most sought after out of the three species, and 
there is no information regarding their genetic diversity and structure. 
In order to properly manage fish populations for commercial or sport fisherman, 
fisheries managers developed the Stock Concept. This concept defines a stock as an 
intraspecific group of randomly mating individuals with temporal and spatial integrity 
(Ihssen et al . 1 98 1  ), or as a group of fish exploited in a specific area or by a specific 
method (Carvalho and Hauser 1 994). This concept often works well at assisting managers 
and identifying stocks; however, it does not take into account the genetic structure or 
diversity of the population. Stock assessments rarely incorporate information on the 
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genetic structure of the stock for several reasons. These include : genetic data on 
population structure are not available, the stocks are in different political or management 
areas, or it is not economically or practically feasible to monitor and set catch levels for 
each stock (Ward 2000) . This failure to incorporate the genetic structure of populations 
into fisheries management is problematic because genetic differences between two 
populations of the same species are a fundamental part of the process of evolution which 
relies upon migration, selection, genetic drift, and geographic barriers (Muneer 20 1 4) .  
Additionally, failure to incorporate the genetic structure of a population could lead to 
overexploitation of genetically unique populations. 
Genetic Stock Identification (GSI) is a reproductively isolated unit which is 
genetically different from other stocks of the same species (Jamieson 1 973 ,  Ovenden 
1 990), or as a population of organisms which share a common gene pool, and is 
sufficiently discrete to warrant consideration as a self-perpetuating system which can be 
managed (Larkin 1 98 1  ), was developed as an aid to the Stock Concept. The GSI has two 
main arguments : 1 )  fish species are subdivided into populations and 2) these populations 
may have genetic differences (Citci and Okumus 2002) . Furthermore, it provides 
information that is vital for management and conservation of natural resources, especially 
for threatened or endangered species (Muneer et al. 2009, Munner 20 1 4) .  It has also 
proved useful and applicable in estimating stock compositions of many populations of 
commercially exploited salmonids, being used to support the regulation of the harvest to 
improve their exploitation rates (Millar 1 987, Utter et al . 1 987, Galvin et al. 1 995). 
Lastly, the GSI can provide insights into behavior, ecology, genetic structure, levels of 
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inbreeding, mating success of alternative reproduction strategies and life histories, and 
the intensities of natural and sexual selection (Ferguson and Danzmann 1998). 
One of the major dampers on the genetic health and structure of fish species are 
dams or man-made barriers, because they can impede the upstream movement of fish 
(Nei et al . 1 975 ,  Hedrick and Gilpin 1 997, Yamamoto et al . 2004) . Channel catfish are 
highly migratory, potentially traveling over 1 00 km to spawn, overwinter, or to find food 
(Lagler 1 96 1 ;  Dames et al. 1 989;  Gerhardt and Hubert 1 990; Fago 1 999) ; therefore, dams 
could potentially have negative effects on their ability to spawn. On average, the rate of 
gene flow within rivers is five migrants every two generations; however, on a large river 
system with an impoundment separating two populations, the rate of gene flow can be 
reduced to two migrants every 1 00 generations (Vrijenhoek 1998). Dams were found to 
reduce the genetic diversity of several species including white-spotted char (Salvelinus 
leucomaenis), bull trout (Salvelinus confluentus), and European grayling (Thymallus 
thymallus) (Neraas and Spruell 200 1 ,  Meldgaard et al . 2003 , Yamamoto et al . 2004). 
Therefore, if there are no impoundments on a river (e.g .  the Wabash River), fish would 
be able to move freely throughout the river, eliminating any restrictions on their gene 
flow. 
It is important to assess the GSI of commercially harvested species, such as 
channel catfish, due to the negative effect that low genetic variation can have on a 
population. For example, experiments on channel catfish by Bondari and Dunham ( 1 987) 
found that greater inbreeding increased the number of days required for eggs to hatch, 
which could reduce recruitment. Additionally, they found second generation inbreds 
exhibited a 1 9% depression in their growth rates. For a species that is commercially 
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exploited, heavily fished, or grown in aquaculture, a depression in their growth rate due 
to inbreeding would have negative financial impacts. This demonstrates a biological, 
conservation, and economic incentive for the genetic investigation of targeted fish 
species .  
Various genetic methodologies have been developed to assess the genetic 
characteristics of a population. Currently, the most widely used are microsatellites 
(Estoup et al. 1 993 ,  Beacham et al. 2006, Muneer 20 1 4) .  Microsatellites are tandem 
repeats, characterized by 1 -6 base pairs (bp ), commonly di-, tri-, or tetranucleotide 
motifs, repeated multiple times at each locus (Litt and Luty 1 989; Tautz 1 989). 
Microsatellites are highly variable, and can be very efficiently screened based on the 
polymerase chain reactions (PCR) . Microsatellites are sufficiently variable to indicate 
genetic variation within and between populations (O'Connell et al. 1 997, Tautz 1 989, 
Weber et al .  1 989).  Further, one is able to screen a large number of loci, providing 
independent measures of the test statistic. Together these characteristics make 
microsatellites ideal for genetic population studies (Muneer et al. 2009, Muneer 20 1 4) .  
The first objective of my thesis was to determine whether there are genetically 
differentiated populations of channel catfish in the Wabash and Ohio Rivers. The section 
of the Wabash River I sampled is completely free flowing, whereas the Ohio River has 
impoundments between the sampled sites. The Wabash and Ohio Rivers were grouped 
because the Wabash River is a tributary of the Ohio River. These results will lead to a 
better understanding of channel catfish movement throughout an unimpeded river, the 
genetic diversity of channel catfish populations, and the genetic variation of the 
population throughout the river. Additionally, it will allow us to set the groundwork for 
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assessing the genetic structuring and diversity of a commercially harvested species. The 
second objective is to assess the impact of impoundments on the genetic diversity and 
structuring of channel catfish on the Illinois River, which is a highly impounded river 
system. Assessing channel catfish from these rivers will allow us to determine if 
impoundments affect channel catfish movement and gene flow in similar large rivers. 
This study will be useful in determining the genetic health of local populations of species 
that are commercially and recreationally exploited. My thesis provides the first 
information of channel catfish genetic diversity and structure in the Midwestern US.  
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GENETIC POPULATION STRUCTURE AND DIVERSITY OF CHANNEL CATFISH 
IN THE WABASH AND OHIO RIVERS 
ABSTRACT 
Little information is available regarding the genetic diversity and structure of sportfishes 
in large rivers, which can be vital to continuing the sustainable exploitation of these 
fisheries. In the Midwestern US, channel catfish are one of the most important fisheries in 
large rivers. Therefore, understanding and assessing their genetic integrity should be of 
utmost importance for managers. I screened ten microsatellite loci to assess the genetic 
population structure and diversity of channel catfish from four sites on the Wabash River 
and two sites on the Ohio River. Allelic richness ranged from 5 .42 to 6 .5 1 ,  heterozygosity 
levels ranged from 0.650 to 0 .7 1 2, and inbreeding coefficients showed some signs of both 
inbreeding and outbreeding (-0 . 1 1 5  to 0.063) .  Overall, 1 8 of 2 1  (85 . 7%) pairwise site 
comparisons of F sr and Dest showed significant differentiation. There was a significant 
positive relationship between genetic (Fsr and Dest) and geographic (rlon) distance (Fsr: 
r=0. 1 82, P=0.0344; Dest: r=0. 1 82, P=0.0357) .  Structure analysis and PCA plots show 
strong defined structure for channel catfish, revealing three genetic clusters. This study 
found support for no within river differences among genetic diversity and strong isolation 
by distance patterns of population structure; however, their status should continue to be 
monitored because of their commercial and recreational importance. 
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INTRODUCTION 
Assessing genetic structure and diversity of commercially exploited fishes can 
provide information that is important for their sustainable harvest. This is because there 
could be multiple stocks within one body of water that may require separate 
management; it is also possible that individuals sampled from different areas of a system 
are part of the same stock (Jamieson 1 973 ; Ovenden 1 990). In addition to identifying 
unique stocks, genetic data can provide valuable information about the population such as 
behavior, migration patterns, levels of inbreeding, mating success of alternative 
reproduction strategies and life histories, and the intensities of natural and sexual 
selection (Ferguson and Danzmann 1 998) .  Additionally, genetic analysis can help 
identify effects of size-selective harvesting on individuals in the populations (van Wijk et 
al . 20 1 3) .  Assessing the genetic diversity and structure of commercially exploited fishes 
should be investigated due to the potential negative impacts (i .e .  economic value 
decreasing) of size-selective harvesting, and to ensure populations are sustainably 
harvested (Bondari and Dunham 1 987). 
Stock assessments rarely incorporate information on the genetic structure of the 
stock in question for several reasons : sufficient genetic data on population structure are 
not available or are ambiguous, the stocks are in two different political or management 
areas, or it is not economically or practically feasible to monitor and set catch levels for 
each stock (Ward 2000) . However, failure to incorporate the genetic structure of 
populations into fisheries management is problematic because genetic differences 
between two populations of the same species are fundamental components of the process 
of evolution which relies upon migration, selection, and genetic drift (Muneer 20 1 4) .  
1 0  
Additionally, failure to incorporate the genetic structure of a population could lead to 
overexploitation of genetically unique populations. 
In Illinois, channel catfish (Ictalurus punctatus) populations in the Wabash and 
Ohio Rivers support one of the most important large river commercial fisheries (Pitlo 
1 997; Pellett et al . 1 998;  Hubert 1 999; Michaletz and Dillard 1 999). From 2003-20 1 3 ,  the 
reported commercial harvest of channel catfish averaged 1 6,497 pounds (SD, 73 7 .3 ; Rob 
Maher, unpublished data), and from the Ohio River the catch ranged from 60,000 lbs to 
220,000 lbs (Ohio River Catfish Project 20 1 4  Update) . On these rivers, fisheries 
managers must ensure these channel catfish populations remain sustainable and over­
exploitation is avoided. 
Telemetry is often employed for movement and migration studies (Adams et al. 
20 1 2) and has been utilized for channel catfish on several rivers throughout the 
Midwestern U.S .  (Wendel and Kelsch 1 999; Fago 1 999). However, assessing the genetic 
structure of fishes is also a powerful tool that can determine movement and migration 
patterns (Pereira et al . 2009) . Channel catfish are capable of moving over 1 00 km (Lagler 
1 96 1 ;  Dames et al . 1 989; Gerhardt and Hubert 1 990; Fago 1 999), which could facilitate 
gene flow over broad geographic scales. However, their movement in other studies was 
highly variable . In the Wabash River, tagged channel catfish moved an average of 8 km 
(Donabauer 2009) . In other locations, channel catfish traveled as far as 500 km (Dames et 
al . 1 989;  Hegrenes 1 992), but a majority moved less than 1 6  km (Hegrenes 1 992) and 
had relatively small summer home ranges (approximately 5 .  7 km; Wendel and Kelsch 
1 999). Pellett et al . (1 998) found channel catfish in the Wisconsin River migrated 
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throughout the system in the fall, but they returned to the same spawning sites and 
summer home ranges they occupied the previous years. 
Since channel catfish are migratory, it is imperative that they have access to the 
entire river system, and are not prevented from making migrations. Dams not only 
change aspects of river water quality, nutrient load, and aquatic fauna assemblages, they 
also inhibit fishes from migrating, thereby potentially altering their genetic diversity and 
structure (Meldgaard et al . 2003 , Santucci et al . 2005, Csiki & Rhoads 20 1 4) .  Because 
dams can inhibit migration, they can alter genetic structure, gene flow patterns, and 
genetic diversity in fishes (Neraas and Spruell 200 1 ,  Yamamoto et al. 2004). Therefore, it 
is also vital to assess the impact of dams on commercially exploited populations of 
channel catfish. 
Given the economic and ecological importance of channel catfish, it is important 
to assess whether their populations are healthy from a genetic standpoint. Using 
microsatellite loci, I tested adult channel catfish to determine the genetic structure and 
diversity in the Wabash and Ohio Rivers. Given this, I tested the following hypotheses :  1 )  
there will be some differences in genetic diversity between sites, and potentially some 
negative side effects of commercial harvesting such as lower genetic diversity and 
increased inbreeding; 2) I will find significant genetic differentiation between sites that 
are farther apart, with these differences decreasing as sites get closer together; and 3)  I 
will find some effect of the dams on channel catfish in the Ohio River relative to the 
Wabash River. This provides the first information on the genetic structure of a 
commercially and recreationally harvested population of channel catfish in the wild. 
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METHODS 
Study Sites 
The Wabash River flows for 8 1 0  km and has a 1 03 ,500 km2 basin, and the Ohio 
River flows for 1 ,579 km with a 490,60 1 km2 basin. I sampled four sites on the Wabash 
River and three sites on the Ohio River (Figure 1 ;  Table 1 ); sites were chosen based on 
consistent river access throughout the sampling season. Site location and code are given 
in Table 1 .  Of note, there is one lock and dam between OH_1 478 and OH_1 5 1 1  sites 
(Smithland Lock and Dam), and one lock and dam between OH_ 1 5 1 1 and OH_ 1 548 
(Lock & Dam 52) .  The portion of the Wabash River I sampled is  completely free of 
manmade impoundments, and therefore completely free flowing (Figure 1 ) .  
Sample Collection 
I utilized DC boat electrofishing, bank poles, hoopnets, and trot lines to sample 
adult channel catfish from these rivers (Vokoun and Rabeni 1 999, Bodine et al . 20 1 3) .  
Adult fish were considered fish larger than 200 mm. Fin clips were taken from adult fish 
and stored in 95% ethanol to prevent degradation of tissue until processed for genetic 
analysis. 
Genetic Data Collection 
I screened channel catfish at 1 0  microsatellite loci (Tan et al. 1 999). I amplified 
microsatellites by multiplex PCR using a common labeled M1 3F primer labeled with 5 '  
6-FAM or 5 '  HEX (Shimizu et al . 2002) . I conducted PCR at a final volume of 1 0  µL, 
containing 1 X PCR Buffer (50 mM KCl, lOmM Tris HCl pH 9.0), 2 mM MgCb, 200 
µM each dNTP, 0 . 1 unit Taq DNA polymerase, 0.9 µM of each PCR primer, and 1 -20 ng 
template DNA. Thermal cycles were 94 °C for 2 minutes, then 94 °C for 30 seconds, 50-
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56°C for 30  seconds, 72°C for 30 seconds, repeated 3 5  times, and finally 70°C for 5 
minutes.  I sent reaction products to the Georgia Genomics Facility (University of 
Georgia) for electrophoresis. I used PEAK.SCANNER (Life Technologies) to analyze 
lane files and define allele sizes. 
Data Analysis 
I tested each locus in each putative population for conformation to Hardy­
Weinberg Equilibrium (HWE) with GENEPOP (Rousset 2008). Based on significant 
deviations from HWE, I tested and corrected for null alleles with FreeNA (Chapuis and 
Estoup 2007). I identified null alleles at all 1 0  loci for channel catfish and corrected for 
null alleles prior to analysis. I estimated allelic richness (AR) and private allelic richness 
(pAR) using HP-Rare (Kalinowski 2005), observed (Ho) and expected (HE) 
heterozygosity, and inbreeding coefficient (Frs) for each loci and population using 
GENALEX-6 (Peakall and Smouse 2006), and linkage disequilibrium was tested with 
GENEPOP (Rousset 2008). Allelic richness, observed heterozygosity, and inbreeding 
coefficient were tested for differences among sites using a one-way analysis of variance 
(AN OVA). In order to address the possibility of upstream-downstream gradients of 
genetic diversity created by riverine systems (Hernandez-Martich and Smith 1 997), 
allelic richness and observed heterozygosity were tested against river kilometer (rkm) 
using Pearson's  Correlation. 
I calculated the Analysis of Molecular Variance-based (AMOVA) <I>ST estimator 
of F ST (Peakall and Smouse 2006) and Dest (Jost 2008) as measures of genetic 
differentiation using GENALEX-6; for pairwise comparisons of F sT and Dest, 9999 
permutations were used. Sequential Bonf erroni corrections were applied to a values for 
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all F sT and Dest statistical comparisons. To determine if river distance between two sites 
increased genetic differentiation in a linear fashion, I ran Mantel ' s  correlation to test 
geographic distance between two sites and their corresponding F ST and Dest values. 
Bayesian clustering was performed with Structure v2 .3 .4 (Falush et al. 2003 , 
Pritchard et al . 2004) to determine how many clusters were present in these samples. The 
model was tested for 1 -8 groups with 1 0,000 bum-in steps and 1 00,000 post bum-in 
steps. I identified the most likely number of groups by the maximum estimated natural 
log of the probability of observing the data given the number of groups. However, the 
number of groups that produce the highest value may be greater than the number of true 
groups. Therefore, I used the second order rate of change, delta K, to determine the 
number of groups present in the genetic data (Evanno et al. 2005); STRUCTURE 
HARVESTER was utilized to determine delta K for each cluster (Earl and vonHoldt 
20 1 2) .  Finally, I used the package adegenet (Jombart 2008, Jombart and Ahmed 20 1 1 ) in 
Program R (R Core Team 20 1 6) to perform a Principle Components Analysis to 
summarize genetic diversity among our samples. 
RESULTS 
For this study, I sampled a total of 1 20 channel catfish from the Wabash and Ohio 
Rivers, with sample sizes ranging from 1 1  to 24 per site. Out of all possible loci and 
population combinations, six of 70 (8 .57%) significantly deviated from Hardy-Weinberg 
Equilibrium. Of all loci by loci comparisons, none showed a significant deviation from 
linkage disequilibrium (P > 0.05).  All loci were polymorphic with the number of alleles 
per locus ranging from 2 to 2 1  (mean = 8 . 37) and observed heterozygosity ranging from 
0. 1 7  to 1 .00 (mean = 0.69). All populations were also highly polymorphic and showed 
1 5  
similar levels of genetic diversity relative to one another. In these channel catfish 
populations, allelic richness ranged from 5 .42 to 6 .5 1 ,  observed heterozygosity ranged 
from 0.65 to 0. 7 1 ,  and private allelic richness ranged from 0.46 to 0 .85  (Table 1 ) .  
Allelic richness and observed heterozygosity were not significantly different 
between sites (AR: F1,6=0.325,  P=0.92 1 7 ; Ho: F1,6=0.086, P=0.9975). There was also no 
significant correlation between river kilometer and allelic richness (Pearson' s  R =O . 1 54 7, 
P=0 .7403) or observed heterozygosity (Pearson' s R=0.672 1 ,  P=0 .098 1 ) . The inbreeding 
coefficient was significantly different among sites (F i ,6=2.474, P=0.0475); Tukey post­
hoc of the inbreeding coefficients tests revealed that OH_1 548 had significantly lower Fis 
than WA_1 36  (P=0.0275 ; Table 1 ) .  
Overall FsT was 0.087, and was significant (P < 0.00 1 ), and o f  all pairwise site 
comparisons, a majority ( 1 8  of 2 1 ;  85 .7%) had significant differentiation among values of 
F sT and Dest (F sT: 0 .009 to 0 . 1 84;  Dest :  0 .03 1 to 0 .579; Table 2). Additionally, river 
distance between two sites had a significant positive correlation with both F sT and Dest 
(FsT:  r=0. 1 82, P=0.0344; Dest: r=0. 1 82, P=0.0357 ;  Figure 2). Principle component 
analysis showed three genetic clusters consisting of different sites; one cluster consisted 
mostly of individuals from sites WA_268 and WA_189, with the other two clusters being 
mixtures of the remaining five sites (Figure 3) .  
Bayesian model-based assignment testing using STRUCTURE identified the most 
likely number of genetic clusters as three (Figures 4 & 5).  All fish in the analysis had Q­
values that were greater than 0 .8  for the cluster to which they were assigned (Figures 4 & 
5) .  Three sites had 1 00% of the individuals captured at that site assigned to one cluster 
(WA_268, OH_1 478, and OH_1 548), two groups had 76% of the individuals assigned to 
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one cluster (WA_1 89 and OH_l 5 1 1 ), and the last two groups had approximately 50% 
assigned to one cluster (W A_l 9 and WA_1 36;  Figure 4). This STRUCTURE analysis 
indicates that channel catfish in the Wabash and Ohio Rivers have formed genetically 
distinct populations, although some movement is probable . 
DISCUSSION 
Overall, channel catfish from all sites had consistent and high observed 
heterozygosity and allelic richness and showed defined structure. Often, there can be a 
gradient with genetic diversity with upstream populations having lower genetic diversity 
than downstream populations (Hernandez-Martich and Smith 1 997), especially when 
dams are present (Yamamoto et al . 2004, Hanfling and Weetman 2006). However, this 
gradient is not always present as seen with black redhorse (Moxostoma duquesnei) in the 
Grand River, Ontario (Reid et al . 2008), and with our channel catfish populations here . 
When testing observed heterozygosity and allelic richness between sites and with river 
kilometer, I found no significant differences between sites and no significant relationship 
with river kilometer, which both reinforce the idea that there is no effect of dams or river 
kilometer on genetic diversity. 
I found moderate to high levels of heterozygosity in channel catfish from the 
Wabash and Ohio Rivers, which is encouraging to see in a commercially harvested 
species. Average heterozygosity per locus of channel catfish in the Wabash and Ohio 
Rivers ranged from 0.27 to 0 .90, which is comparable to a previous study of feral and 
farm populations of channel catfish (ranged from 0 .39 to 0.92; Waldbieser and Bosworth 
1 997). When compared to other exploited catfish species, I found much higher mean 
overall observed heterozygosity (0.69) and expected heterozygosity (0 .70) than an 
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exploited population of yellow catfish (Horabagrus brachysoma) (mean Ho: 0.472 and 
HE: 0 .649; Muneer et al . 2009). Their populations also showed a significant heterozygote 
deficiency, which I did not find. These findings indicate harvesting on yellow catfish in 
the Western Ghat is much more severe and having a larger impact on the populations 
than harvesting of channel catfish in the Wabash and Ohio Rivers. 
Of all the sites, five showed positive Fis values, although they were lower than 
reported values in other exploited fishes such as yellow catfish (Muneer 2009), and in 
two studies performed on channel catfish farm populations (Parra-Bracamonte et al. 
20 1 1 ,  De La Rosa-Reyna et al. 20 1 4) .  This is encouraging to see in wild, commercially 
exploited channel catfish populations because high amounts of inbreeding can reduce 
growth, reproductive performance and survival (Bondari and Dunham 1 987), which 
could negatively affect the economic value of the population. 
I found a significant positive relationship between genetic (FsT and Dest) and 
geographic (rkm) distance in channel catfish in the Wabash and Ohio Rivers. This 
indicates that as two sites get farther apart geographically, their genetic distance also 
increases linearly. The scatter plot produced from my data closely resembled Case I from 
Hutchinson and Templeton (1999), which indicates that our populations are in regional 
equilibrium and show a pattern of isolation by distance. When populations are in regional 
equilibrium and show isolation by distance, the relative influences of gene flow and 
genetic drift change as populations become more geographically separated. When two 
sites are closer together, gene flow will homogenize their respective gene pools, whereas 
when two sites are farther away, genetic drift will have a greater influence on their gene 
pools than gene flow (Hutchinson and Templeton 1 999) . This relationship with gene flow 
1 8  
and genetic drift is what causes lower genetic differentiation at closer sites, and the 
opposite at sites that are farther apart. 
I can infer a defined structure in channel catfish in these two rivers based on 
detecting significant genetic differentiation between a majority of the pairwise 
comparisons ( 1 8  of 2 1 ;  85 . 7%) . This indicates a partition of the breeding populations and 
a limitation in migration between different areas. Several of these sites are quite far apart 
(Table 1 )  and potentially have a dam or two between them; however, all sites are within 
the reported 500 km maximum distance traveled by channel catfish (Dames et al. 1 989;  
Hegrenes 1 992). Therefore, adult catfish likely have the ability to travel between my sites 
to reproduce, but they rarely if ever do this, even in the Wabash River (Hegrenes 1 992; 
Wendel and Kelsch 1 999; Donabauer 2009) . 
Of note, two pairwise site comparisons showed higher differentiation values, even 
though they were much closer than the majority of pairwise site comparisons : OH_ 1 4  78 
and OH_1 548, and OH_1 5 1 1 and OH_1 548.  These high differentiation values were 
almost certainly caused by the dams in between these sites; there are two dams between 
OH_1478 and OH_1 548, and one dam between OH_1 5 1 1  and OH_1 548.  Essentially, the 
dams appear to be restricting the passage of these catfish, with differentiation values 
similar to sites that are around 250-3 50 rkm apart. However, STRUCTURE and PCA 
analysis suggest that during high flow or when the locks are open, some fish can pass 
above the dams and move upstream and into the Wabash River. Channel catfish are 
known to pass through the lock and dams on the Mississippi River. Therefore, it is likely 
that they are also able to on the Ohio River (Wilcox et al. 2004) . 
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Based off STRUCTURE analysis and PCR, I may be seeing some individual 
movements due to overlapping clusters. There were several individuals that were 
captured at a particular site that were assigned to the same cluster as individuals from 
other sites that are geographically distant. This indicates that these individuals may have 
been produced in one area, but migrated to other areas, where they were sampled. Due to 
the significant differentiation and defined structure, it appears that the majority of 
channel catfish in these rivers do not travel throughout the river to reproduce. Therefore, 
defined populations have developed; however, some individual movements between 
different areas are probable. 
Overall, I found no apparent genetic effects of harvesting on the genetic diversity 
or structure of channel catfish and their populations seem to be large enough to have 
healthy genetic diversity in the Wabash and Ohio Rivers. However, channel catfish can 
be very long lived, living up to age 1 7  in the Wabash River (Colombo et al . 20 1 0) .  
Therefore, it could take a long time for negative genetic effects to be  detectable, as  found 
in some catastomid species (Whitehead et al. 2003 ; Lippe et al. 2006) . As commercial 
and recreational harvesting of this species is a large industry on these rivers, it is 
important to continue to monitor this species' genetic characteristics. 
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Table 1 . 1 .  Detailed information of all sites sampled for adult channel catfish from the 
Wabash and Ohio Rivers . Population specific genetic diversity indices for 1 0  
microsatellite loci for adult channel catfish populations includes observed (Ho) and 
expected (HE) heterozygosity, inbreeding coefficient (Fis), private allelic richness (pAR), 
and allelic richness (AR) . 
Sample River 
Site Code River Size Kilometer Ho HE Fis EAR AR 
WA 268 Wabash 23 268 . 80 0 .699 0 .69 1 -0.0 14  0 .72 5 . 5 5  
WA 1 89 Wabash 1 7  1 89 .90 0 .7 1 2  0 .74 1  0.044 0 .49 6 .02 
WA 1 3 6  Wabash 20 1 3 6 .80 0 .709 0.754 0.063 0.54 6 .5 1 
WA 1 9  Wabash 24 1 9 .30 0 .700 0 .72 1 0.008 0.77 6.45 
OH 1478 Ohio 1 1  1478 .20 0.650 0.658 0 .009 0.46 5 . 5 9  
OH 1 5 1 1  Ohio 1 3  1 5 1 1 . 1 0  0.678 0 .695 0 .029 0 .85  6 .28 
OH 1 548 Ohio 1 2  1 548 .20 0.690 0 .628 -0 . 1 1 5  0.79 5 .42 
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Table 1 .2 .  Summary of pairwise tests of genetic differentiation among adult channel 
catfish from the Wabash and Ohio Rivers; Fsr values are presented above diagonal, Dest 
values are presented below diagonal . Significant pairwise differentiations (after 
Bonferroni correction) are denoted by *. 
WA 268 WA 1 89 WA 1 3 6  WA 1 9  OH 1478 OH 1 5 1 1  OH 1 548 
WA 268 0 .009 0.072* 0. 1 2 3 *  0. 1 73 *  0 . 1 57*  0 . 1 84*  
WA 1 89 0.03 1 0.029* 0.080* 0. 142* 0 . 1 02*  0 . 1 23 *  
WA 1 3 6  0.266* 0 . 1 1 6 *  0.0 1 8  0.069* 0.049* 0 .074* 
WA 1 9  0.429* 0 .300*  0.046 0 .066* 0.050* 0 .087* 
OH 1478 0 .579* 0.520* 0 .229* 0 .239*  0 .02 1  0. 1 72* 
OH 1 5 1 1 0 .496* 0.3 5 1 *  0. 1 30*  0 . 1 72*  0 .063 0 . 1 1 3 *  
OH 1 548 0 .5 1 2 *  0 .354* 0 . 1 94*  0 .228*  0.453 * 0 .292* 
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Figure 1 .2 .  Scatter plot with linear regression line of pairwise F sr and Dest values versus 
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Figure 1 .4 .  Percent assignment of individuals captured at a site to a particular cluster; 
each color represents a different cluster for K = 3 .  
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Figure 1 .5 .  Estimates of Q for the K = 3 model; each bar are the individual fish grouped 
by sample site, and each color represents a different cluster. 
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IMP ACT OF IMPOUNDMENTS ON CHANNEL CATFISH GENETIC DIVERSITY 
AND STRUCTURE IN THE ILLINOIS RIVER 
ABSTRACT 
Impoundments often have vast impacts on riverine systems. These impacts can range 
from altering the flow regime, to changing the nutrient load, to preventing migratory fish 
from reaching their reproductive habitats. If fishes are prevented from reaching their 
spawning grounds, their genetic diversity and structuring could change relative to historic 
measures potentially decreasing their fitness and ability to survive. Therefore, it is 
imperative to assess the effects of impoundments on the genetic integrity of important 
fish species. I utilized rnicrosatellites to assess the genetic diversity and structure of adult 
and juvenile channel catfish on the Illinois River, which is a highly impounded system. I 
found no significant differences with allelic richness (range : 2 .76 to 3 .75), heterozygosity 
(range : 0 .524 to 0.600), and inbreeding coefficients (range : -0.07 1 to 0 .08 1 )  among my 
sample sites, indicating consistent levels of genetic diversity throughout the river. I found 
a majority of pairwise F sT tests were significant ( 1 4  of 2 1 ;  66.6% ), yet I failed to detect 
strong patterns with STRUCTURE and PCA analysis. Additionally, F sT values did not 
significantly correlate with river kilometer or number of darns between sites. It seems that 
the impoundments on the Illinois Rivers may not be affecting genetic diversity, but are 
affecting genetic structuring. Lastly, results from this study indicate genetic drift is 
having a larger influence on channel catfish in the Illinois River than gene flow. 
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INTRODUCTION 
Impoundments on riverine systems can have negative effects on the system 
including altering water quality and habitats, disrupting nutrient cycling and sediment 
transport, and altering aquatic faunal assemblages (Santucci et al . 2005,  Guenther & 
Spacie 2006, Brainwood et al. 2008, Csiki & Rhoads 20 1 4) .  One other negative aspect of 
impoundments is the fact they often act as a barrier to fish movements and migrations 
(Nehlseen et al . 1 99 1 ,  Brainwood et al. 2008), potentially creating isolated populations of 
fishes above and below impoundments. If fishes are not able to reach their spawning 
grounds or migrate throughout a river system to find mates, their genetic diversity could 
decrease and genetic differentiation could increase among isolated populations 
(Meldgaard et al. 2003 , Yamamoto et al . 2004) . On other hand, we could also see genetic 
drift becoming more influential than gene flow, altering the genetic diversity and 
structuring of populations (Hutchinson and Templeton 1 999). 
Low genetic diversity can result from genetic drift, inbreeding, bottlenecks, or 
founder effects, which can, in turn, hinder the ability of a population to adapt to 
environmental changes. Along with low genetic diversity, increased inbreeding can lead 
to the expression of deleterious recessive alleles that reduce the fitness of a population 
(Allendorf and Ryman 2002, Frankham et al. 2002). Additionally, fragmentation of river 
systems by impoundments can cause local extinction if critical habitats are lost or no 
longer accessible (Neraas and Spruell 200 1 ) .  Impoundments have caused a loss of genetic 
variation in anadromous steelhead isolated above impoundments (Nielsen et al . 1 997) and 
impoundments blocking migratory routes and the conversion of free-flowing rivers to 
reservoirs have led to the decline of black redhorse populations in the U.S .  (Santucci et 
al . 2005) .  Fragmentation of populations can also lead to an increase in genetic drift which 
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eventually leads to a loss of rare alleles, thus reducing total genetic variability (Hedrick 
and Miller 1 992). In extreme cases, fragmentation can lead to inbreeding depression 
which has been shown to reduce the fitness of fish species (Vriejenbock 1 994). 
Channel catfish (Jctalurus punctatus) are migratory, often migrating throughout a 
river system, capable of making movements greater than 1 00 km (Lagler 1 96 1 ; Dames et 
al . 1 989; Gerhardt and Hubert 1 990; Fago 1 999). Although channel catfish may move 
large distances find food, some individuals return to the same spawning sites year after 
year (Pellett et al . 1 998).  Impoundments can alter genetic diversity and structuring of 
fishes (Yamamoto et al. 2004) ; specifically, in channel catfish, inbreeding can alter their 
growth rates and reproductive success, directly impacting their recreational and economic 
value. Therefore, it is imperative to assess the impact impoundments have on channel 
catfish genetic diversity and structure (Bondari and Dunham 1 987). In Illinois, channel 
catfish (Jctalurus punctatus) are one of the most sought after large river fishes (Pitlo 
1 997;  Pellett et al . 1 998 ;  Hubert 1 999; Michaletz and Dillard 1 999), making them 
extremely important to both anglers and the river system. Therefore, managers must 
ensure channel catfish populations remain sustainable with a large effective population 
size. 
In this study, I sought to assess the impact of impoundments on the genetic 
diversity and genetic structuring of channel catfish in the Illinois River using 
microsatellites. I tested the following hypotheses : 1 )  there will be differences in genetic 
diversity measurements between sites, with upstream sites having lower genetic diversity 
than downstream sites, 2) there would be a strong positive relationship with genetic and 
geographic distance and the number of dams between two sites, and 3 )  impoundments 
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will block gene flow, thereby revealing defined genetic structure. This study provides the 




The Illinois River flows for 439 km and has a 72,70 1 km2 basin and is highly 
impounded, with eight lock and dams along its length from Lake Michigan to the 
Mississippi River. I sampled six sites along the Illinois River (Figure 1 ;  Table 1 ) ;  the sites 
and site codes are in Table 1 .  There is a lock & dam between every site except ILJ_1 33  
and ILJ_1 93 (Figure 1 ) .  
Sampling 
I sampled age-0 channel catfish from the Illinois River with three minute pulls of 
an electrified mini-Missouri trawl (Freedman et al . 2009). Age-0 channel catfish were 
sampled from five sites on the Illinois River (Figure 1 ;  Table 1 ). The fish were 
euthanized and kept for identification purposes and to ensure a large enough tissue 
sample was available for genetic analysis .  I utilized DC boat electrofishing and hoopnets 
to sample adult channel catfish (fish larger than 200mm) from the Illinois River from two 
sites (Vokoun and Rabeni 1 999, Bodine et al . 20 1 3 ;  Figure 1 ;  Table 2) .  I took fin clips 
from adult fish, and I stored age-0 fish and fin clips in 95% ethanol until processed to 
prevent degradation of tissue. 
Genetic Data Collection 
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I screened channel catfish at eight microsatellite loci (Tan et al . 1 999). I amplified 
microsatellites by multiplex PCR using a common labeled M 1 3F primer labeled with 5 '  
6-F AM or 5 '  HEX (Shimizu et al . 2002) . I conducted PCR at a final volume of 1 0  µL, 
containing 1 X PCR Buffer (50 mM KCl, l OmM Tris HCl pH 9 .0), 2 mM MgCh, 200 
µM each dNTP, 0 . 1 unit Taq DNA polymerase, 0.9 µM of each PCR primer, and 1 -20 ng 
template DNA. Thermal cycles were 94°C for 2 minutes, then 94°C for 30 seconds, 50-
560C for 30  seconds, 72°C for 30  seconds, repeated 35  times, and finally 70°C for 5 
minutes. I sent reaction products to the Georgia Genomics Facility (University of 
Georgia) for electrophoresis. I used PEAKSCANNER (Life Technologies) to analyze 
lane files and define allele sizes. 
Data Analysis 
I tested each locus in each putative population for conformation to Hardy-
Weinberg Equilibrium (HWE) with GENEPOP (Rousset 2008), and tested for null alleles 
with FreeNA (Chapuis and Estoup 2007) . I identified null alleles at seven of eight loci for 
channel catfish; I corrected for null alleles prior to analysis. I estimated allelic richness 
(AR) and private allelic richness (pAR) using HP-Rare (Kalinowski 2005), observed (Ho) 
and expected (HE) heterozygosity, and inbreeding coefficient (Frs) for each population 
and loci using GENALEX-6 (Peakall and Smouse 2006), and linkage disequilibrium was 
tested with GENEPOP (Rousset 2008). I tested Allelic richness, observed heterozygosity, 
and inbreeding coefficient for differences among sites using a one-way analysis of 
variance (ANOV A). Allelic richness and observed heterozygosity were tested for 
correlation with river kilometer (rkm) using a Pearson' s correlation to address the 
possibility of an upstream-downstream gradient of genetic diversity. 
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I calculated the analysis of molecular variance-based (AMOV A) <l>ST estimator 
of FsT (Peakall and Smouse 2006) using GENALEX-6; I used 9999 permutations to 
estimate significance of pairwise comparisons of FsT. I applied sequential Bonferroni 
corrections to a values for all FsT pairwise statistical comparisons . To determine if river 
distance between two sites increased genetic differentiation in a linear fashion, I used 
Mantel ' s  test to test for isolation by distance comparing geographic distance with FsT 
value using Program R (R Core Team 20 1 6) .  
I used Bayesian clustering with STRUCTURE v2.3 .4 (Pritchard et al . 2000, 
Falush et al . 2003) to determine how many clusters (K) were present in these samples. I 
tested the model for 1 -8 groups with 500,000 burn-in steps and 1 ,000,000 post burn-in 
steps. I defined the most likely number of groups by the maximum estimated natural log 
of the probability of observing the data given the number of groups using STRUCTURE 
HARVESTER (Earl and vonHoldt 20 12) .  However, the number of groups that produce 
the highest value may be greater than the number of true groups; therefore, I used the 
second order rate of change, delta K, to determine the number of groups present in the 
genetic data (Evanno et al. 2005). Lastly, I used the package adegenet (Jombart 2008, 
Jombart and Ahmed 20 1 1 )  in Program R (R Core Team 20 1 6), to perform a Principle 
Components Analysis (PCA) to summarize genetic diversity among our samples. 
RESULTS 
I sampled a total of 1 49 channel catfish from the Illinois River, with sample sizes 
ranging from 1 0  to 33 per site . Out of all possible loci and population combinations, 4 of 
56 (7. 1 4%) significantly deviated from Hardy-Weinberg Equilibrium. Of all loci by loci 
comparisons, one comparison showed a significant deviation from linkage disequilibrium 
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(P < 0.05) .  All loci were polymorphic with the average number of alleles per locus 
ranging from 2.00 to 1 1 . 1 4 (mean = 6.70), and observed heterozygosity ranging from 
0.048 to 0 .848 (mean = 0 .569). All populations were also polymorphic and showed 
similar levels of genetic diversity to one another with observed heterozygosity ranging 
from 0.524 to 0.600, allelic richness ranging from 2 .76 to 3 .75 ,  and private allelic ranging 
from 0.2 1 to 0 .8 1  (Table 1 ) .  
All sites showed consistent levels of  genetic diversity with no significant 
differences found between sites and allelic richness (F t ,6=0.462, P=0.8329) or observed 
heterozygosity (F i ,6=0.0872, P=0.9973) .  There was no significant correlation between 
river kilometer and allelic richness (Pearson' s R = 0.274, P = 0 .55 1 8) or observed 
heterozygosity (Pearson' s R = -0. 1 1 5 , P = 0 .8064) . The inbreeding coefficient was not 
significantly different among sites (F i ,6=0.967, P=0.4574), with values ranging from -
0.07 1 to 0 .08 1 (Table 1 ) . 
Overall Fsr was 0 .063 (P < 0.00 1 ), and of all pairwise site comparisons, a 
majority ( 14 of 2 1 ;  66.6%) had significant estimates of Fsr (range 0.008 to 0. 1 1 8 ; Table 
2). Neither river distance (r = -0. 1 95 ,  P = 0.9988) nor the number of impoundments 
between two sites (R = -0.200, P = 0.3 845) had a significant correlation with F sr (Figures 
2 & 3). Principle component analysis revealed one cluster with a few individual outliers 
(Figure 4 ), failing to detect the same level of genetic differentiation as detected by 
AMOVA based Fsr. 
Bayesian model-based assignment testing using STRUCTURE identified the most 
likely number of genetic clusters as two (Figure 5) ;  two clusters had the highest delta K at 
1 7 . 3 3 .  For K = 2, three fish had a q-value greater than 0 .8  for cluster 1 ,  and seven fish 
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had q-values greater than 0 .8  for cluster 2 .  Overall though there are no apparent patterns 
(i .e .  no defined structuring) by capture site based off STRUCTURE or the PCA plot 
(Figures 4 & 5) .  
DISCUSSION 
Overall, channel catfish in the Illinois River showed consistent levels of genetic 
diversity and significant differentiation. Impoundments can influence genetic diversity 
and effective population among sites or reaches within a river, such as with white-spotted 
char (Salvelinus leucomaenis; Yamamoto et al. 2004) and river sculpin (Cottus gobio; 
Hanfling and Weetman 2006), in which they reported reduced genetic diversity in all 
above-dam populations relative to below-dam populations. However, I found no 
significant differences between sites and allelic richness, observed heterozygosity, or 
inbreeding coefficient indicating there were no differences in genetic diversity between 
any site comparison. No pattern of genetic diversity with regards to river kilometer or 
above and below dam populations was found in both brown trout (Sa/mo trutta; 
Heggenes and Roed 2006) and black redhorse (Moxostoma duquesnei; Reid et al. 2008). 
There are three potential explanations as to why the genetic diversity did not 
differ among sites :  the populations may be large enough to support a genetically diverse 
population, the fish may be able to pass through the dams, or there may have not yet been 
sufficient time for differences to occur in the long-lived channel catfish. It is suggested 
that habitat size can be a surrogate for population size (Reid et al . 2008); therefore, the 
most likely reason there are no differences is that these areas may be large enough to 
support large effective population sizes. Distances between sites ranged from 24.2 km to 
1 1 2 .7  km so these areas may be large enough areas to support a large effective population 
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size of channel catfish. Furthermore, channel catfish are known to be able to pass through 
lock and dams on the Mississippi River (Wilcox et al. 2004 ), which means it is possible 
that they are able to on the Illinois River as well . However, this seems unlikely or, if it 
does occur, only a few individuals are able to pass through. I did find a majority of 
pairwise site comparisons of F sr significantly different, including a site comparison with 
no dams separating them. If more individuals were passing through the dams and 
reproducing in other areas, this would increase gene flow, therefore homogenizing their 
gene pools. Lastly, another likely reason there is not any differences in genetic diversity 
could be that catfish are long-lived. Channel catfish do not mature until age 4-5 (De Roth 
1 965),  and can live up to age 1 7  (Colombo et al. 20 1 0) ;  therefore, it may take longer for 
the potential extreme adverse effects of impoundments to impact these fish' s genetic 
diversity as seen in white-spotted char (Yamamoto et al . 2004) and river sculpin 
(Hanfling and Weetman 2006). 
In this study, I found no predictor (e .g.  river kilometer or number of dams 
between sites) of genetic diversity or differentiation. Soto la (20 1 6) found that river 
kilometer had a significant positive relationship with genetic differentiation, but also did 
not find a predictor of genetic diversity in channel catfish on the Wabash and Ohio 
Rivers. Therefore, the dams on the Illinois River seem to affect genetic differentiation 
more than genetic diversity. Small isolated populations are most vulnerable to the loss of 
alleles via genetic drift (Frankham 1 996), which can cause the scatter plot of genetic 
versus geographic distances to appear to have no relationship (Hutchinson and Templeton 
1 999). 
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There was no visible pattern between genetic (FsT) and geographic distance (river 
kilometer) or number of impoundments between sites, indicating there is no pattern with 
river distance or impoundments between two sites and their corresponding genetic 
differentiation value. What likely is occurring here is that genetic drift is more influential 
on these isolated populations than gene flow. The scatter plot of FsT and river kilometer 
closely resembles Case III from Hutchinson and Templeton ( 1 999), which shows no 
relationship between F sT and geographic distance regardless of the geographic distance 
between populations. This occurs in populations that are experiencing isolation, meaning 
that the divergence in allele frequency is not affected by distance between sites, as it is 
not related to migration and gene flow between sites (Hutchinson and Templeton 1 999) . 
Additionally, STRUCTURE and PCA failed to detect strong patterns, suggesting these 
analyses where inhibited by a lack of statistical power, even though I found significant 
differentiation estimates. 
Overall, genetic diversity levels were consistent among sites indicating dams may 
not be negatively effecting the genetic diversity of channel catfish within the Illinois 
River. This is likely driven by the habitat areas between dams are large enough to support 
a large enough effective population size to keep consistent genetic diversity levels.  
Lastly, FsT had no significant relationship with river kilometer or number of dams 
between two sites. This indicates that channel catfish closely follow the Case III model of 
the genetic and geographic distance correlation (Hutchinson and Templeton 1 999), 
indicating genetic drift is having a greater influence on these populations than gene flow 
because they are isolated behind impoundments . 
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Table 2 . 1 .  Detailed information of all sites sampled for age-0 and adult channel catfish 
from the Illinois River. Population specific genetic diversity indices for eight 
microsatellite loci for channel catfish populations includes observed (Ho) and expected 
(HE) heterozygosity, inbreeding coefficient (Fis), private allelic richness (pAR), and 
allelic richness (AR) . 
River Sample 
Site Code Kilometer SamEles Size Ho HE Fis EAR AR 
ILA 447 447.4 Adults 1 4  0 .597 0.605 0.024 0 .352 3 . 1 7  
ILA 423 423 .2 Adults 1 0  0 .529 0 .538  -0.0 1 6  0 .809 3 .76 
ILJ 423 423 .2 Juveniles 1 8  0 .600 0.609 0.0 1 5  0 .526 3 .42 
ILJ 3 86 3 86.2 Juveniles 29 0 .560 0 .528 -0.07 1 0 .2 1 6  2 .76 
ILJ 305 305.8  Juveniles 1 9  0 .524 0 .550 0.045 0 .379 3 . 1 1 
ILJ 1 93 1 93 . 1  Juveniles 33 0 .594 0 .628 0.065 0.349 3 .00 
ILJ 1 3 3  1 3 3 .6 Juveniles 26 0 .5 8 1  0 .605 0.08 1 0.452 3 .25 
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Table 2 .2 .  Summary of pairwise tests of genetic differentiation among channel catfish 
from the Illinois River; F sT values are presented below diagonal, P values are presented 
above diagonal. Significant pairwise differentiations (after Bonferroni correction) are 
denoted by *. 
ILA 447 ILA 423 ILJ 423 ILJ 3 86 ILJ_305 ILJ 1 93 ILJ 1 3 3  
ILA 447 0.0 1 7  0 .009 <0 .00 1 <0.00 1 0 .0 1 9  <0.00 1 
ILA 423 0.03 3 0 .002 <0.00 1 <0.00 1 0.074 0 .004 
ILJ 423 0.029 0 .044* <0.00 1 <0.00 1 0.087 <0.00 1  
ILJ 3 8 6  0.045 * 0. 1 1 8 *  0 . 1 34* 0 .066 <0.00 1 <0.00 1 
ILJ 305 0.05 5 *  0. 1 06*  0 . 1 60*  0.0 1 2  <0 .00 1 <0.00 1 
ILJ 1 93 0 .0 1 8  0 .0 1 3  0.008 0 .094* 0. 1 0 8 *  <0 .00 1 
ILJ 1 3 3  0 .045 * 0.032 0.086* 0.05 3 *  0 .05 8 *  0.034* 
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Figure 2.2 .  Scatter plot with linear regression line of pairwise F sr values versus 
geographic distance separating pairs of sampled sites on the Illinois River. 
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Figure 2 .3 . Scatter plot of pairwise Fsr values versus the number of darns separating two 
sampled sites on the Illinois River. 
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Figure 2.4 .  Principal components analysis of adult channel catfish from the Illinois River; 
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Figure 2.5 . Estimates of Q for the K = 2 model; each bar are the individual fish grouped 
by sample site, and each color represents a different cluster. 
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CONCLUSIONS AND FUTURE DIRECTIONS 
Channel catfish from the Wabash, Ohio, and Illinois Rivers showed consistent 
genetic diversity levels for within-river comparisons . It would be alarming to discover a 
site or reach that had significantly lower genetic diversity compared to other areas of the 
same system, especially in the impounded Illinois River. Past studies on the genetic 
diversity of fishes in rivers have found a wide range of results ranging from no 
differences to extreme significant differences when comparing upstream/above dam to 
downstream/below dam populations (Meldgaard et al . 2003 , Yamamoto et al . 2004, Reid 
et al . 2008) .  One difference between these systems was that I found isolation by distance 
in the Wabash and Ohio Rivers, yet this was not found in the Illinois River. This is an 
indication that the dams on the Illinois River may be altering the dynamic of the genetic 
diversity of channel catfish by isolating populations, causing genetic drift to become the 
dominant evolutionary force . 
Future directions of this study that should be undertaken include assessing 
channel catfish from various tributaries  of these rivers, from other parts of these rivers 
(i .e .  upstream Wabash into Indiana, upstream Ohio River into Indiana and Ohio, and 
further downstream in the Illinois River), and assessing fish from the Mississippi River. 
Since channel catfish are known to migrate into tributaries (Dames 1 989,  Siegwarth and 
Johnson 1 994 ) ,  assessing fish captured in tributaries could provide additional information 
about their migration patterns and stock structure in these rivers. Targeting fish from 
other reaches or parts of these rivers can lead to a complete system wide understanding of 
their genetic structure and diversity. 
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